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Abstract 
 Phosphorus pollution is a growing problem in aquatic ecosystems. The Massachusetts 
MS4 General Permit regulates the amount of phosphorus pollution in water. The goal of this 
project was to determine if Tyngsborough was contributing to elevated phosphorus levels in the 
Merrimack River and, in collaboration with the Tyngsborough Conservation Commission, design 
a plan to reduce phosphorus levels in accordance with the permit. Structural, non-structural, and 
low impact development (LID) best management practices (BMPs) were analyzed. The final 
design is a combination of non-structural and LID BMPs. By implementing these strategies, 
Tyngsborough can begin the process of reducing phosphorus pollution.  
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Executive Summary 
Introduction 
Nonpoint source pollution (NPS) is a type of pollution that does not come from one 
specific source. It is one of the main causes of water quality problems in the United States (US 
EPA, 2018 a). While phosphorus is a naturally occurring element that is found in soil and water, 
it can be a type of NPS. Fertilizers, paving stones, roofing shingles, sidewalks, and driveways 
can contribute to the amount of phosphorus that leaches into stormwater (Manuel, 2014; US 
EPA, 2019 a). Excess phosphorus in water commonly leads to eutrophication, in which the algae 
grow to an unsustainable level and kills fish, lowers the pH of the water, depletes oxygen, and 
blocks sunlight (NOAA, 2019; Manuel, 2014). In order to combat phosphorus pollution, many 
communities use best management practices (BMPs), which are physical or cultural controls that 
can be structural or non-structural. Low impact development (LID) strategies can also be used, 
which treat stormwater as a resource rather than waste (US EPA, 2018 b).  
The levels of pollutants entering the water are also regulated by the National Pollutant 
Discharge Elimination System (NPDES), which was created by the Clean Water Act in 1972. 
This permit system was implemented in order to control the levels of pollutants entering the 
water. The Massachusetts MS4 General Permit is a subset of the NPDES program. This type of 
permit regulates pollutants within a similar region, such as Massachusetts (US EPA, 2016 a). 
The town of Tyngsborough, Massachusetts is in the process of renewing their MS4 permit. The 
goal of this project was to determine whether Tyngsborough was contributing to elevated 
phosphorus levels in the Merrimack River and, in collaboration with the Tyngsborough 
Conservation Commission, develop a design plan to manage and reduce these phosphorus levels. 
 
Background 
Areas affected by phosphorus pollution include lakes, rivers, coasts, bays, groundwater, 
and drinking water. According to the Environmental Protection Agency (EPA), almost 20% of 
50,000 lakes in the United States are contaminated with phosphorus or nitrogen (US EPA, 2019 
f). In addition, the EPA found that 40% of rivers and streams across the United States are 
contaminated with phosphorus (Manuel, 2014). Pollution from these lakes and streams then 
eventually travels to coasts, bays, and estuaries (US EPA, 2019 g). 
One way to limit the amount of pollutants entering aquatic systems is by establishing 
total maximum daily loads (TMDLs). A TMDL is a regulation of the maximum amount of a 
pollutant that an aquatic ecosystem can sustain and still meet federal standards (Manuel, 2014). 
Best management practices (BMPs) are also used to help reduce the amount of pollutants 
entering aquatic ecosystems. These BMPs can be either structural or non-structural. Structural 
BMPs include stormwater controls such as detention basins, vegetative swales, and constructed 
wetlands. These constructs act as filtration mechanisms for stormwater. Non-structural BMPs 
include practices such as leaf litter collection, proper pet waste disposal, and the use of fertilizers 
that do not contain phosphorus (Manuel, 2014; Marsh 2011). Additionally, LID strategies can be 
used to combat phosphorus pollution. LID practices include using rain gardens, permeable 
pavement, and rain barrels. Such systems resemble the natural movement of water and reduce the 
environmental impact of stormwater runoff (US EPA, 2018 b). 
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Project Goal and Objectives 
The goal of this project was to determine whether Tyngsborough was contributing to 
elevated phosphorus levels in the Merrimack River and, in collaboration with the Tyngsborough 
Conservation Commission, develop a design plan to manage and reduce these phosphorus levels. 
This project was to be done in compliance with requirements set forth by the Massachusetts MS4 
General Permit, which allows Tyngsborough to discharge stormwater. To accomplish this, three 
main objectives were identified: 
 
Objective 1: Determine the theoretical phosphorus loading from Tyngsborough 
using current zoning and phosphorus loadings provided in the Massachusetts MS4 
General Permit. 
Objective 2: Using MapGEO and aerial maps, identify potential sources of 
phosphorus discharge into the Merrimack River. 
Objective 3: Identify and develop an appropriate plan to reduce phosphorus 
pollution throughout the town of Tyngsborough, specifically at the aforementioned 
sites.  
 
Methodology 
 First, the Simple Method was used to calculate the theoretical phosphorus loadings 
stemming from each zone in Tyngsborough (New York State Stormwater Management Design 
Manual, n.d.). MapGEO was then used to identify tributaries that lead into the Merrimack River. 
Since it was not feasible to examine every potential source of phosphorus leading into the 
Merrimack, one sub-basin was chosen for analysis. This sub-basin was delineated in ArcMap 
using MassGIS layers from the Massachusetts Department of Environmental Protection. These 
layers included the sub-basins themselves, as well as wetlands, hydrography, major ponds and 
streams, major watersheds, town boundaries, and Tyngsborough parcels. 
 Different BMPs were then evaluated in order to develop an appropriate plan to reduce 
phosphorus pollution throughout Tyngsborough. Non-structural BMPs that were presented in the 
MS4 permit were analyzed, including an enhanced sweeping program, catch basin cleaning, and 
an organic waste and leaf litter 
collection program. Reduction credits, 
which depend on the area the BMP 
covers, the phosphorus loading rate, 
the phosphorus removal, and how often 
a BMP is used, were then calculated 
for each non-structural BMP. The use 
of structural BMPs, such as infiltration 
basins, gravel wetland systems, and 
porous pavement was then evaluated. 
The total phosphorus removal, 
necessary maintenance, pretreatment, 
maximum drainage area, and cost were 
evaluated for each structural BMP, as 
well as the feasibility of constructing 
these BMPs within the town. Lastly, 
LID strategies, such as rain gardens and 
Figure A: Delineating Sub-Basins Using GIS 
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planter boxes, were evaluated based on their cost, feasibility to implement, aesthetics, 
effectiveness in stormwater treatment, and appropriateness in an area. 
 
Key Findings 
 The theoretical phosphorus loading for each zoning district was found as seen in Table A. 
 
Table A: Phosphorus Loading Based on Zoning Districts in Tyngsborough 
Zone Phosphorus Load (lb/yr) 
Industrial 1379 
Commercial 935.0 
Low density residential 2775 
Medium density residential 146.6 
High density residential 103.1 
 
It is clear that the greatest phosphorus loads come from the industrial and low density 
residential zones. Therefore, it was important to focus on these areas when developing a plan to 
reduce phosphorus pollution. 
After analyzing which sub-basin was within town boundaries and encompassed one of 
the zoning districts with the highest phosphorus loading rate- either industrial or low density 
residential zones- a sub-basin was selected for further analysis. The chosen sub-basin is located 
in a residential zone in the 
northeast part of Tyngsborough 
(see Figure B). The proximity 
to the Merrimack and other 
water bodies, as well as the fact 
that the sub-basin was almost 
entirely contained within the 
town, made it ideal for 
implementing phosphorus 
control strategies. 
The reduction credits for 
sweeping, catch basin cleaning, 
and organic waste collection for 
the low density residential and 
business one neighborhood 
were calculated, as seen in 
Table B.  
 
 
 
 
Figure B: Chosen Sub-basin for Analysis in Tyngsborough 
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Table B: Phosphorus Reduction Credits from Non-Structural BMPs 
Reduction Credit (lb/yr) R-1 (low density residential) B-1 (business 1 neighborhood) 
Enhanced Sweeping Program 5.49 0.360 
Catch Basin Cleaning 6.56 0.157 
Organic Waste Collection 16.4 0.392 
 
In order to achieve these reduction credits, the enhanced sweeping program should run 
weekly from March through December, and a high efficiency regenerative air-vacuum sweeper 
should be used (US EPA, 2016 b). Catch basin cleaning should be performed semi-annually. For 
this calculation, it was estimated that catch basins would be placed about every 300 feet on major 
roads. Lastly, organic waste collection should occur weekly from September 1 through 
December 1 in order to maximize phosphorus removal in Tyngsborough (Town of 
Tyngsborough, 2019 b; US EPA, 2016 b). 
The structural BMPs given in the MS4 permit were also evaluated. Infiltration basins, 
biofilter swales, and dry water quality swales were found to be ideal BMPs due to their low cost 
for a large percentage of phosphorus removal. While structural BMPs are an effective tool for 
reducing phosphorus pollution, it was difficult to develop a full plan for Tyngsborough because 
the locations of existing structural BMPs are unknown. It was more feasible to focus on a plan of 
low impact development, which can be more easily integrated with existing BMPs. 
Downspout disconnection, rain barrels, rain gardens, planter boxes, native vegetation, 
permeable pavements, and vegetated filter strips were all evaluated for use within the focus areas 
in Tyngsborough. The low density residential and business one neighborhood zones were both 
analyzed separately, as some LID strategies may not work across all zoning districts. The best 
LID strategies for the low density residential zone are rain gardens, rain barrels, all native 
vegetation, and vegetative filter strips. This combination will decrease runoff volume by nearly 
20%, as well as decrease life cycle costs by 19% and lead to an increase in treatment and 
groundwater replenishment benefits by $175 and $316, respectively (see Table C).  
 
Table C: Best LID Strategies for Zone R-1 (Center for Neighborhood Technology, 2009) 
BMP 
Combination 
Volume 
Captured 
Decrease in 
Impermeable 
Area 
Life 
Cycle 
Costs 
Decrease 
in Life 
Cycle 
Costs 
Reduced 
Treatment 
Benefits 
Groundwater 
Replenishment 
Benefits 
Rain Gardens, 
Rain Barrels, 
100% Native 
Vegetation, 
Vegetative 
Filter Strips 
412 ft3 0% $85,416 19% $175 $316 
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For the business one neighborhood zone, the best combination of LID strategies is planter 
boxes, 50% native vegetation, vegetative filter strips, and permeable pavers on parking. This will 
lead to a decrease in impermeable area of nearly 80%. Life cycle costs will decrease by 23%, and 
treatment and groundwater replenishment benefits will increase by $238 and $429, respectively 
(see Table D). 
 
Table D: Best LID Strategies for Zone B-1 (Center for Neighborhood Technology, 2009) 
BMP 
Combination 
Volume 
Captured 
Decrease in 
Impermeable 
Area 
Life 
Cycle 
Costs 
Decrease 
in Life 
Cycle 
Costs 
Reduced 
Treatment 
Benefits 
Groundwater 
Replenishment 
Benefits 
Planter Boxes, 
50% Native 
Vegetation, 
Vegetative 
Filter Strips, 
Permeable 
Pavers 
1990 ft3 78.3% $114,943 23% $238 $429 
 
Recommendations and Conclusion 
 After determining the best BMPs to use in order to reduce phosphorus pollution in 
Tyngsborough, several recommendations were developed. The first is that low impact 
development strategies and non-structural BMPs be implemented throughout high priority areas. 
Areas with the most phosphorus runoff should utilize strategies such as street sweeping and 
vegetated filter strips in order to reduce the amount of phosphorus that enters stormwater. 
Second, the theoretical phosphorus loadings should be confirmed with field testing. This will 
help determine the magnitude of phosphorus pollution entering the Merrimack, as well as aid in 
identifying other priority areas throughout the rest of Tyngsborough. Additionally, existing 
structural BMPs should be mapped throughout Tyngsborough. Determining the amount and 
placement of structural BMPs throughout the town would be ideal for integrating low impact 
development strategies and non-structural BMPs in the most efficient manner possible. Logging 
the already existing structural BMPs will also help determine if there is a need for more 
throughout the town. Lastly, structural BMPs should be installed on an as-needed basis. This 
should be done after the existing structural BMPs are mapped so that the need for more BMPs 
can be validated. Structural BMPs that have the most phosphorus removal for the lowest cost 
should be prioritized when evaluating need. Implementing these non-structural BMPs and low 
impact development strategies, as well as the other recommendations, will help combat 
phosphorus pollution within the town of Tyngsborough. 
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Capstone Design Statement 
 This Major Qualifying Project (MQP) meets the design requirements established by 
Worcester Polytechnic Institute’s Department of Civil and Environmental Engineering. This 
MQP involved analysis and synthesis based on an open-ended engineering design problem. The 
town of Tyngsborough, Massachusetts is in the process of meeting the requirements established 
by the Massachusetts MS4 General Permit, which is an individual permit issued under the 
National Pollutant Discharge Elimination System (NPDES). The NPDES controls the amount of 
pollutants that can be discharged from different sources by monitoring the technology used and 
the water quality. The Environmental Protection Agency (EPA) authorizes state governments to 
implement testing and enforcement in compliance with the NPDES permit (US EPA, 2016 a).  
 This MQP defined the scope of a very large engineering problem. Reducing the amount 
of phosphorus that entered the Merrimack River via runoff was the main goal of this project, but 
the entire town was too large of a scope for analysis. Instead, priority areas were defined based 
on their proximity to the Merrimack River and any tributaries leading to the river. Once these 
areas were defined, the regions were further narrowed by calculating the theoretical phosphorus 
loading exiting each zoning district. Zoning districts that had the highest phosphorus loading 
were defined as highest priority and chosen for further analysis. 
 The next step in the analysis and synthesis was identifying the design constraints present 
in developing a system to reduce phosphorus pollution. The goal was to create an 
environmentally design while also focusing on economic feasibility. In addition, the design had 
to take into account that Tyngsborough is already a largely developed town, so any new 
structures needed to be able to be easily integrated within existing infrastructure. Any installation 
of best management practices (BMPs) needed to take into account existing structures and should 
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not be disruptive of the everyday life of residents. Furthermore, the location of existing BMPs 
within Tyngsborough needed to be taken into consideration when determining the most effective 
and efficient design for reducing phosphorus loading. 
 The design presented in this MQP takes into account not only the environmental and 
economic factors related to engineering design, but also the social, political, ethical, health and 
safety, manufacturability, and sustainability constraints of such a design. The strategies 
recommended to reduce phosphorus pollution within the town of Tyngsborough are in 
accordance with the guidelines set forth by the Massachusetts MS4 General Permit. The 
proposed strategies include low impact development, which can be easily integrated into existing 
structures within Tyngsborough. Non-structural BMPs are also proposed, and reduction credits 
in accordance with the MS4 permit are calculated. Each proposed strategy is unique to the area 
for which it is suggested, as different areas within the town were better suited to a variety of 
BMPs. In addition, this design is safe and does not infringe on the rights of current property 
owners. Overall, they reduce life cycle costs and are sustainable to operate for many years to 
come. 
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Professional Licensure Statement 
 Professional licensure is essential to protecting public safety by ensuring that only 
qualified experts may practice engineering (National Council of Examiners for Engineering and 
Surveying, n.d.). Only licensed engineers may develop, review, and submit engineering plans for 
approval. They are responsible for the health and safety impact of their designs. Often, 
professors that teach engineering must be licensed, and many government jobs also require 
engineers to be professionally licensed in order to practice (National Society of Professional 
Engineers, 2020 a). 
Professional licensure is not only important for protecting public safety- it also has many 
other benefits. Professional engineers (PEs) are more highly regarded when seeking 
employment, and also have more public trust in regards to health and safety. In addition, PEs are 
more broadly prepared for changes to the industry, including downsizing, privatization, and 
restructuring of companies (National Society of Professional Engineers, 2020 b). 
Requirements to obtain professional licensure involve education, experience, and exams. 
In order to obtain a license and become a PE, engineers need to earn a bachelor’s degree from an 
ABET accredited program, pass the Fundamentals of Engineering (FE) exam, work for four 
years in the industry, and pass the Principles and Practice of Engineering (PE) exam (National 
Council of Examiners for Engineering and Surveying, n.d.).  
In Massachusetts, the Board of Registration of Professional Engineers and Land 
Surveyors is in charge of issuing PEs for the state. These PEs can be in the field of chemical, 
civil, environmental, fire protection, industrial engineering and more. The members of the Board 
are also members of the National Council of Examiners for Engineering and Surveying, which is 
in charge of developing uniform testing and regulation standards across the 50 states. Obtaining 
16 
 
a PE from the Board of Registration of Professional Engineers and Land Surveyors is an 
important step in protecting the health and safety of the public (Commonwealth of 
Massachusetts, 2020). 
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Chapter 1: Introduction 
Nonpoint source pollution (NPS) is a type of pollution that does not come from one 
specific source. NPS is one of the main causes of water quality problems in the United States. 
Pollutants are carried into waterways during rainfall or snowmelt, and the water collects the 
pollutants as it runs over the ground. NPS can include fertilizers, oil, sediment, salt, and bacteria 
(US EPA, 2018 a).  
While phosphorus is a naturally occurring element that is found in soil and water, it can 
also be a type of NPS. Humans typically utilize phosphorus to enhance the growth of crops via 
fertilizers. When it rains, excess phosphorus from fertilizers is carried into waterways (Manuel, 
2014). Phosphorus can also enter the ecosystem through home activities. Paving stones, roofing 
shingles, sidewalks, and driveways can contribute to the amount of phosphorus that leaches into 
stormwater (US EPA, 2019 a). Once it reaches the water, phosphorus accelerates the growth of 
algae (Manuel, 2014). This elevated growth commonly leads to eutrophication, in which the 
algae grow to an unsustainable level and kills fish, lowers the pH of the water, depletes oxygen, 
and blocks sunlight (NOAA, 2019; Manuel, 2014). In addition, eutrophication can also lead to 
the creation of dead zones, which is commonly known as hypoxia. These are areas where the 
oxygen is so depleted that aquatic organisms cannot survive (US EPA, 2019 b). 
In order to combat phosphorus pollution, communities utilize best management practices 
(BMPs). BMPs help reduce the amount of pollutants entering aquatic ecosystems. They can be 
physical or cultural controls, and may be structural or non-structural. Structural BMPs, such as 
detention basins, act as filtration mechanisms for stormwater while non-structural BMPs, such as 
leaf litter collection, prevent phosphorus from entering the water in the first place (Manuel, 2014; 
Marsh 2011). Additionally, some communities also use low impact development (LID) strategies 
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to reduce phosphorus pollution. LID practices work to resemble nature in order to preserve 
natural systems; they treat stormwater as a resource rather than waste. LID practices include rain 
gardens, green roofs, permeable pavement, and rain barrels. Such systems resemble the natural 
movement of water and reduce the environmental impact of stormwater runoff (US EPA, 2018 
b).  
The levels of pollutants entering the water are also controlled and regulated by the 
National Pollutant Discharge Elimination System (NPDES), which was created by the Clean 
Water Act in 1972. The Massachusetts MS4 General Permit is a subset of the NPDES program. 
This type of permit regulates pollutants within a similar region, such as Massachusetts (US EPA, 
2016 a). 
The town of Tyngsborough, Massachusetts is in the process of renewing their MS4 
permit. This process includes various data collection over a five-year period and includes 
identifying impaired water bodies within the town. The Merrimack River, which travels through 
Tyngsborough and other towns, has elevated phosphorus levels. The top contributors to these 
elevated levels are municipal wastewater at 60% and runoff from developed areas at 21% 
(Northern Middlesex Stormwater Collaborative, n.d.).  
The goal of this project was to determine whether Tyngsborough was contributing to 
elevated phosphorus levels in the Merrimack River and, in collaboration with the Tyngsborough 
Conservation Commission, develop a design plan to manage and reduce these phosphorus levels. 
This project was done in compliance with requirements set forth by the Massachusetts MS4 
General Permit. In order to accomplish this, the theoretical phosphorus loading exiting 
Tyngsborough was first determined using current zoning districts and phosphorus loading 
models. Aerial maps were then used to identify potential sources of phosphorus discharge into 
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the Merrimack River. Finally, an appropriate plan was developed that will reduce phosphorus 
pollution at high priority sites. 
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Chapter 2: Background 
 In this chapter, background information on phosphorus, phosphorus pollution, and 
phosphorus management is presented. First, the NPDES permitting system is explained. The way 
phosphorus enters and changes the environment is then presented, as well as the impacts of 
phosphorus pollution and the areas that are most affected by it. Different strategies for measuring 
and managing phosphorus pollution are then discussed. Finally, Tyngsborough’s contribution to 
phosphorus pollution is examined. 
2.1 The National Pollutant Discharge Elimination System (NPDES) 
The National Pollutant Discharge Elimination System (NPDES) was created by the Clean 
Water Act in 1972. This permit system controls the amount of pollutants that can be discharged 
from different sources by monitoring the technology used and water quality. The Environmental 
Protection Agency (EPA) authorizes state governments to implement testing and enforcement in 
compliance with the NPDES permit (US EPA, 2016 a).  
Individual and general permits are issued under the NPDES system. Each permit gives 
the ability to a facility to release a specific amount of pollutant into a water body. Individual 
permits are modified for specific facilities, while general permits include many different 
facilities in one region. The Massachusetts MS4 General Permit is a NPDES general permit (US 
EPA, 2016 a). Some of the guidelines for the MS4 General Permit include: permittees must 
implement a program to reduce the amount of pollutants entering waterways, permittees must 
meet the required total maximum daily load (TMDL) of pollutants specified in the permit, 
permittees must develop an education program about the relationship between pollutants and 
stormwater, permittees must locate and eliminate non-stormwater discharges, permittees must 
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implement an operations and maintenance program to protect water quality, and permittees must 
submit annual reports detailing their compliance (US EPA, 2018 c). 
2.2 How Phosphorus Enters and Changes in the Environment 
 The Massachusetts MS4 General Permit addresses many pollutants, including 
phosphorus. Phosphorus is a naturally occurring element that is found in soil and water. Humans 
typically utilize phosphorus to enhance the growth of crops via fertilizers. When it rains, excess 
phosphorus from the fertilizers is carried into waterways (Manuel, 2014). Multiple forms of 
phosphorus occur in aquatic ecosystems, both dissolved and particulate. More specifically, some 
forms can include reactive phosphorus or insoluble phosphorus. Phosphorus is rarely present in 
its elemental form; rather, it usually occurs as organic or inorganic phosphate (US EPA, 2012). 
 The phosphorus cycle describes how phosphorus changes and moves through aquatic 
ecosystems. Plants absorb dissolved phosphorus and convert it from an inorganic compound to 
an organic compound. When these plants are consumed, animals introduce organic phosphorus 
to their systems. When animals excrete waste, the organic phosphorus is transformed back into 
inorganic phosphorus through decomposition by bacteria. Plants then re-absorb the inorganic 
phosphorus, and the cycle continues. Movement of water transports the phosphorus, while 
consumption by plants or animals renders it stationary (US EPA, 2012). 
 Phosphorus enters water systems mainly due to human activities. Large amounts of 
phosphorus are found in fertilizers, as well as the waste of farm animals. When it rains, 
phosphorus is carried into waterways. In addition, wastewater plant systems can release excess 
amounts of phosphorus if wastewater is treated improperly. Phosphorus can also enter the 
ecosystem through home activities. Pet waste, soaps, and detergents all contain phosphorus. 
Furthermore, paving stones, roofing shingles, sidewalks, and driveways can contribute to the 
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amount of phosphorus that leaches into stormwater (US EPA, 2019 a). Phosphorus also enters 
water systems naturally through soil erosion. This erosion can occur during a typical rainfall 
event or during flooding, which is known as bank erosion (USGS, n.d.). Both organic and 
inorganic phosphorus can be dissolved in the water or attached to other particles, known as 
suspension (US EPA, 2012). 
 
2.3 Effects of Phosphorus Pollution 
The effects of phosphorus pollution are threefold: humans, the environment, and the 
economy are impacted (US EPA, 2019 c). The elevated levels of phosphorus accelerate the 
growth of algae in water (Manuel, 2014). This elevated growth commonly leads to 
eutrophication, in which the algae grow to an unsustainable level and kills fish, lowers the pH of 
the water, depletes oxygen, and blocks sunlight (NOAA, 2019; Manuel, 2014). The algae itself 
can be toxic and kill any organisms it comes into contact with. In addition, eutrophication can 
also lead to the creation of dead zones, which is commonly known as hypoxia. These are areas 
where the oxygen is so depleted that aquatic organisms cannot survive (US EPA, 2019 b). The 
area of these hypoxic zones has increased over 30% between 1995 and 2007. One such example 
is the dead zone that occurs in the Gulf of Mexico, which is nearly 5500 mi2 in size (Manuel, 
2014). Humans can also come into direct contact with toxic algae, leading to an array of health 
problems (US EPA, 2019 d). Such health problems include vomiting, diarrhea, fever, and liver 
damage (Manuel, 2014). Additionally, when water containing toxic algae is treated, treatment 
chemicals react with the algae to form toxic dioxins, which are a major health concern (US EPA, 
2019 d). Lastly, the presence of nutrients in water systems can raise water treatment costs and 
lead to losses in tourism, real estate, and commercial fishing (US EPA, 2019 e). 
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2.4 Areas Affected by Phosphorus Pollution 
 Areas affected by phosphorus pollution include lakes, rivers, coasts, bays, groundwater, 
and drinking water. According to the Environmental Protection Agency (EPA), almost 20% of 
50,000 lakes in the United States are contaminated with phosphorus or nitrogen (US EPAF, 2019 
f). In addition, the EPA found that 40% of rivers and streams across the United States are also 
contaminated with phosphorus (Manuel, 2014). Pollution from these lakes and streams 
eventually travels to coasts, bays, and estuaries. Over 65% of coastal areas and over 30% of 
estuaries in the United States are affected by this pollution (see Figure 1 for a breakdown of 
phosphorus pollution by region) (US EPA, 2019 g). Lastly, phosphorus can end up in the water 
that humans drink through polluted waterways. Streams and rivers are easily identifiable as 
potentially polluted systems; however, phosphorus can also pollute groundwater systems. Water 
soaks through the ground and collects excess phosphorus, transporting it into the groundwater 
that many humans rely on to survive (US EPA, 2019 h). 
 
Figure 1: Phosphorus Pollution in U.S. Rivers and Streams (Manuel, 2014) 
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2.5 Phosphorus Measurement and Management 
 The different forms of phosphorus found in aquatic ecosystems are measured in multiple 
ways. Total orthophosphate, which is the phosphorus molecule itself, is measured using the 
ascorbic acid method. A reagent with ascorbic acid is added to the sample, and the sample turns 
blue. The concentration of orthophosphate is proportional to the intensity of the color. This test 
measures both dissolved and suspended orthophosphate. Testing for total phosphorus measures 
orthophosphate, condensed phosphate, and organic phosphate that are both dissolved and 
suspended. The sample is heated and acidified in order to convert all forms of phosphate to 
orthophosphate. The concentration of phosphate in the sample is then determined using the 
previously mentioned ascorbic acid method. Dissolved phosphorus is measured by filtering the 
sample and then analyzing it using the ascorbic acid method, and insoluble phosphorus is 
calculated by subtracting the dissolved phosphorus from the total phosphorus concentration (US 
EPA, 2012). 
 One way to limit the amount of pollutants entering aquatic systems is by establishing 
total maximum daily loads (TMDLs). A TMDL is a regulation of the maximum amount of a 
pollutant that an aquatic ecosystem can sustain and still meet federal standards. Impaired water 
bodies are identified on a state by state basis, and individual TMDLs are established for each 
water body. TMDLs are also established for individual pollutants, and the Environmental 
Protection Agency (EPA) must approve the TMDL. Due to the thoroughness required to monitor 
water bodies and establish TMDLs, such plans can take years or even decades to implement 
(Manuel, 2014). 
 Best management practices (BMPs) are also used to help reduce the amount of pollutants 
entering aquatic ecosystems. These BMPs are physical or cultural controls implemented within a 
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community, and they can be either structural or non-structural. Structural BMPs include 
stormwater controls such as detention basins, vegetative swales, and constructed wetlands. These 
constructs act as filtration mechanisms for stormwater. Non-structural BMPs include practices 
such as leaf litter collection, proper pet waste disposal, and the use of fertilizers that do not 
contain phosphorus. Such practices prevent pollutants from entering the water in the first place 
(Manuel, 2014; Marsh 2011). 
 
2.6 Nonpoint Source Pollution and Low Impact Development 
Nonpoint source pollution (NPS) is a type of pollution that does not come from one 
specific source, unlike point source pollution. NPS is one of the main causes of water quality 
problems in the United States. Pollutants are carried into waterways during rainfall or snowmelt, 
during which the water collects the pollutants as it runs over the ground. NPS can include 
fertilizers, oil, sediment, salt, and bacteria (US EPA, 2018 a).  
 Low impact development (LID) “refers to systems and practices that use or mimic natural 
processes that result in the infiltration, evapotranspiration or use of stormwater in order to protect 
water quality and associated aquatic habitat” (US EPA, 2018 b). LID practices work to resemble 
nature in order to preserve natural systems; they treat stormwater as a resource rather than waste. 
LID practices include rain gardens, green roofs, permeable pavement, and rain barrels. Such 
systems resemble the natural movement of water and reduce the environmental impact of 
stormwater runoff (US EPA, 2018 b). Green infrastructure (GI) “is a cost-effective, resilient 
approach to managing wet weather impacts that provides many community benefits” (US EPA, 
2019 i). GI is similar to LID, and is used to naturally treat stormwater at the source using 
vegetation and other environmental elements. Elements of GI include rainwater harvesting, 
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planter boxes, and bioswales. GI also shares similar treatment methods with LID, including rain 
gardens, permeable pavement, and green roofs (US EPA 2019 i). 
LID strategies focused on in this report included downspout disconnection, planter boxes, 
rainwater harvesting, rain gardens, permeable pavements, and vegetated filter strips. Downspout 
disconnection involves rerouting stormwater runoff from gutters to rain barrels, cisterns, or 
permeable areas. This prevents it from draining into the sewer, and the water instead infiltrates 
into the ground. Planter boxes are used in urban settings. They are vegetated and collect runoff 
from sidewalks, roads, and other impervious surfaces found in urban areas (US EPA, 2019 i). 
Rainwater harvesting includes the use of rain barrels and cisterns. Rain gardens are constructed 
in areas where runoff commonly pools, and are planted with native perennial vegetation. 
Permeable pavement can be used in place of many impermeable surfaces, including parking lots 
and sidewalks. These pavements allow rainwater to pass through them instead of becoming 
runoff. Vegetated filter strips can be constructed using trees, shrubs, and grasses; their main 
purpose is to provide an infiltration zone for stormwater runoff. (Minnesota Pollution Control 
Agency, 2017). Each of these strategies is key in reducing nonpoint source pollution. 
 
2.7 Tyngsborough’s Contribution to Phosphorus Pollution 
 Phosphorus is not listed as a pollutant causing impairment in the impaired water bodies of 
Tyngsborough (Town of Tyngsborough, 2019 a). However, the Merrimack River, which runs 
through Tyngsborough (see Figure 2), is an impaired water body with high levels of phosphorus 
(Northern Middlesex Stormwater Collaborative, 2019). Therefore, it logically follows that 
communities along the Merrimack should work to reduce the phosphorus pollution that enters 
the river in order to make the river a healthier ecosystem overall. This process involves first 
27 
 
identifying sources of phosphorus pollution, whether they are point or nonpoint sources. This can 
be done by via sampling or identifying locations of probable sources through satellite maps. 
Next, the phosphorus loadings must be calculated. There are multiple approaches for this; one 
method is water sampling and another is calculating theoretical loads by using phosphorus 
loading models. From these loadings, priority areas should be identified. These priority areas are 
regions where the phosphorus loading is highest in stormwater runoff. Finally, based on the 
location and accessibility of these priority areas, the best strategies to reduce phosphorus 
pollution should be identified.  
 
 
Figure 2: Map of Tyngsborough (Town of Tyngsborough, 2019 b) 
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Chapter 3: Methodology 
The goal of this project was to determine whether Tyngsborough was contributing to 
elevated phosphorus levels in the Merrimack River. In collaboration with the Tyngsborough 
Conservation Commission, a new plan was proposed to manage and reduce the amount of 
phosphorus entering the Merrimack River. This project was to be done in compliance with 
requirements set forth by the Massachusetts MS4 General Permit, which allows Tyngsborough to 
discharge stormwater. To accomplish this, three main objectives were identified: 
 
Objective 1: Determine the theoretical phosphorus loading from Tyngsborough 
using current zoning and phosphorus loadings provided in the Massachusetts MS4 
General Permit. 
Objective 2: Using MapGEO and aerial maps, identify potential sources of 
phosphorus discharge into the Merrimack River. 
Objective 3: Identify and develop an appropriate plan to reduce phosphorus 
pollution throughout the town of Tyngsborough, specifically at the aforementioned 
sites.  
 
 In this chapter, the objectives and the methodology used to achieve them are stated. The 
procedure for determining the theoretical phosphorus loadings in Tyngsborough, as well as the 
analysis of the available data on current Tyngsborough phosphorus pollution, are outlined. Other 
sources of phosphorus pollution were identified using MapGEO and aerial maps. Finally, a set of 
control methods to reduce phosphorus pollution are described. 
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3.1 Objective 1: Determine the theoretical phosphorus loading from 
Tyngsborough using current zoning and phosphorus loadings provided 
in the Massachusetts MS4 General Permit 
 For this objective, the Simple Method was used to determine the theoretical phosphorus 
loadings stemming from each zone in Tyngsborough. The formula for the Simple Method can be 
seen in the Equation 1: 
 
𝐿 = 0.226 ∗ 𝑅 ∗ 𝐶 ∗ 𝐴 
Equation 1 
 
Where L is defined as the annual load in pounds, R is the annual runoff in inches, C is the 
pollutant concentration in milligrams per liter, and A is the area in acres (New York State 
Stormwater Management Design Manual, n.d.).  
 In order to calculate the phosphorus loading, the annual runoff first had to be calculated. 
The equation for annual runoff is as follows:  
 
𝑅 = 𝑃 ∗ 𝑃𝑗 ∗ 𝑅𝑣 
Equation 2 
 
Where R is the annual runoff in inches, P is the annual rainfall in inches, Pj is the fraction of 
annual rainfall events that produce runoff (defined as 0.9), and Rv is the runoff coefficient (New 
York State Stormwater Management Design Manual, n.d.). 
 The runoff coefficient was calculated using the following equation: 
 
𝑅𝑣 = 0.05 + 0.9𝐼𝑎 
Equation 3 
 
Where Ia is the impervious fraction given in the Simple Method (New York State Stormwater 
Management Design Manual, n.d.). The zoning districts used for these calculations can be seen 
in Figure 3 on the next page. 
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Figure 3: Tyngsborough Zoning Map (top) and Legend (bottom) (Town of Tyngsborough, 2019 b) 
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3.2 Objective 2: Using MapGEO and GIS, identify potential sources of 
phosphorus discharge into the Merrimack River 
 For this objective, MapGEO was used to identify tributaries that lead into the Merrimack 
River. Since it would not be feasible to examine every tributary and potential source of 
phosphorus leading into the Merrimack, a sub-basin was chosen to analyze that would contribute 
larger phosphorus loads to the river. The main criterion for this was that the sub-basin should 
encompass zoning districts attributed with the highest phosphorus loads. It was then necessary to 
identify a sub-basin that was mostly within the town boundaries, so that the origin of the 
phosphorus would be more certain.  
3.2.1 Delineating Sub-basins 
In order to delineate sub-basins, ArcMap and MassGIS layers from the Massachusetts 
Department of Environmental Protection were used. These layers included the sub-basins 
themselves, as well as wetlands, hydrography, major ponds and streams, major watersheds, town 
boundaries, and Tyngsborough parcels. The wetlands, hydrography, major ponds and streams, 
and major watersheds layers were necessary in order to determine where phosphorus could be 
entering water bodies (see Figure 4). The parcel layers were important in determining where 
phosphorus pollution could be originating. For example, these layers contained information on 
different residential spaces and local roads. Areas with more densely packed residential areas 
were assumed to contribute more directly to phosphorus pollution due to the increase in the area 
of impervious surfaces and the amount human activities. All of this information aided in 
choosing a sub-basin that was suitable for analysis. 
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Figure 4: Delineating Sub-Basins Using GIS 
 
3.3 Objective 3: Identify and develop an appropriate plan to reduce 
phosphorus pollution throughout the town of Tyngsborough, specifically 
at the aforementioned sites 
3.3.1 Non-Structural BMPs 
Non-structural BMPs are practices that a government body can implement in order to 
prevent excess phosphorus from entering the stormwater systems. Under the Massachusetts MS4 
General Permit, these non-structural BMPs include an enhanced sweeping program, catch basin 
cleaning, and an organic waste and leaf litter collection program (US EPA, 2016 b).  
 The enhanced sweeping program is performed by sweeping impervious surfaces, such as 
parking lots, throughout the year. The reduction credit received depends on the area swept 
(IAswept), the phosphorus loading rate (PLEIC-land use), how much phosphorus is removed when the 
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area is swept (PRFsweeping), and how often the area is swept (AF) (see Equation 4) (US EPA, 2016 
b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔 = 𝐼𝐴𝑠𝑤𝑒𝑝𝑡 ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 𝑃𝑅𝐹𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔 ∗ 𝐴𝐹 
Equation 4 
 
Catch basin cleaning is the process of removing debris from BMPs. Catch basins should 
be cleaned frequently enough such that the storage capacity is no less than 50% of the total 
storage capacity. The reduction credit is dependent on the impervious drainage area (IACB), the 
phosphorus loading rate (PLEIC-land use), and the phosphorus reduction factor that results from 
catch basin cleaning (PRFCB) (see Equation 5) (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝐶𝐵 = 𝐼𝐴𝐶𝐵 ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 𝑃𝑅𝐹𝐶𝐵 
Equation 5 
 
 Organic waste collection is the process of removing waste from landscaping, organic 
debris, and leaf litter. These wastes are collected from impervious surfaces from which runoff 
proceeds to nearby water bodies. Wastes must be removed once a week from September 1 to 
December 1. Collections should also be performed whenever landscaping occurs, and the 
disposal of collected waste should not contribute to phosphorus pollution in surface waters. The 
reduction credit is dependent on the area of the watershed, the phosphorus loading rate (PLEIC-
land use), and a 5% phosphorus reduction factor that results from organic waste collection (see 
Equation 6) (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑙𝑒𝑎𝑓 𝑙𝑖𝑡𝑡𝑒𝑟 = (𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝑎𝑟𝑒𝑎) ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 0.05 
Equation 6 
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3.3.2 Structural BMPs 
 Under the Massachusetts MS4 General Permit, structural BMPs that should be used 
include infiltration trenches, infiltration basins, bio-filtration practices, gravel wetland systems, 
porous pavement, dry ponds or detention basins, and dry water quality swales/grass swales (US 
EPA, 2016 b). Each of these BMPs were evaluated based on five main criteria: total phosphorus 
removal, necessary maintenance, pretreatment, maximum drainage area, and cost. These factors 
were important in choosing a BMP that would not only be effective at phosphorus removal, but 
also be lowest cost for maximum removal, feasible to implement and maintain, and minimize the 
disturbance to the existing community. Using MapGEO, the available space for structural BMPs 
was then evaluated within the zones in the selected sub-basin with the highest phosphorus 
loading. This involved assessing empty lots, placement of roadways, and proximity to water 
bodies in order to determine which BMPs would be suitable and most effective in the area. 
 
3.3.3 Nonpoint Source Control, Low Impact Development, and Green 
Infrastructure 
 While there are many forms of LID, it was necessary to evaluate which methods would 
be the most feasible to implement in Tyngsborough. These methods of LID must also be 
effective in phosphorus removal, while simultaneously minimizing the disturbance to the 
existing community. In order to determine this, each LID strategy was evaluated based on its 
cost, feasibility to implement, aesthetics, effectiveness in stormwater treatment, and their 
appropriateness in an area. LID strategies that were evaluated included downspout 
disconnection, rainwater harvesting, rain gardens, planter boxes, permeable pavements, and 
vegetated filter strips. 
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Chapter 4: Results and Discussion 
 This chapter discusses the results from analyzing the theoretical phosphorus loadings and 
possible strategies for combating phosphorus pollution in Tyngsborough. The theoretical 
phosphorus loading in each zone is evaluated. High priority areas, defined by the amount of 
phosphorus exiting the area, within Tyngsborough are discussed. Lastly, strategies to reduce 
phosphorus loading in stormwater runoff are presented. These strategies include structural 
BMPs, non-structural BMPs, and low impact development. Cost, placement, feasibility, and 
phosphorus reduction are all taken into account when evaluating these strategies. 
 
4.1 Theoretical Phosphorus Loadings in Tyngsborough 
Using the Simple Method from Section 3.1, the theoretical loadings exiting each zoning 
district in Tyngsborough were calculated according to Table 1 (New York State Stormwater 
Management Design Manual, n.d.). 
 
Table 1: Values Used in Calculating Annual Phosphorus Loading 
Zone Industrial Commercial R-1 (low 
density 
residential) 
R-2 (medium 
density 
residential) 
R-3 (multi-
family 
residential) 
Lot Area (ac) -- -- 1.5 0.5 0.5 
Ia 0.5 0.7 0.125 0.21 0.21 
Rv 0.5 0.68 0.1625 0.239 0.239 
R (in) 16.6 22.6 5.40 7.94 7.94 
Annual 
Loading (lbs) 1380 934.9 440 88.2 103 
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From these calculations, the phosphorus loading for each zoning district was found as 
seen in Table 2 (New York State Stormwater Management Design Manual, n.d.).  
 
Table 2: Phosphorus Loading Based on Zoning Districts in Tyngsborough 
 
 
 It is clear that the greatest phosphorus loads come from the industrial and low density 
residential zones. Therefore, it was important to focus on these areas when developing a plan to 
reduce phosphorus pollution, explained further in Section 4.3. 
 
4.2 Identifying Areas of Focus for Phosphorus Reduction Strategies 
After analyzing which sub-basin was within town boundaries and encompassed one of 
the zoning districts with the highest phosphorus loading rate- either industrial or low density 
residential zones- a sub-basin was selected for further analysis. The chosen sub-basin is located 
in a residential zone in the northeast part of Tyngsborough (see Figures 5 and 6). The zones 
located within this sub-basin include low density residential, medium density residential, and 
business one neighborhood. The medium density and business one neighborhood zones border 
Mascopic Lake, while several tributaries to the Merrimack River run through the low density 
residential areas. This proximity to the aforementioned water bodies, as well as the fact that the 
Zone Phosphorus Load (lb/yr) 
Industrial 1379 
Commercial 935.0 
Low density residential 2775 
Medium density residential 146.6 
High density residential 103.1 
37 
 
sub-basin was almost entirely contained within the town, made it ideal for implementing 
phosphorus control strategies. 
 
 
Figure 5: Chosen Sub-basin for Analysis in Tyngsborough 
 
 
Figure 6: Parcels in Tyngsborough Sub-Basin 
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Using the Simple Method previously mentioned in Section 3.1, the theoretical loading for 
each zone was calculated according to the following table (Table 3) (New York State Stormwater 
Management Design Manual, n.d.): 
 
Table 3: Values Used in Calculating Annual Phosphorus Loading for Sub-basin in 
Tyngsborough 
Zone R-1 (low density 
residential) 
R-2 (medium 
density residential) 
B-1 (business 1 
neighborhood) 
Lot Area (ac) 1.5 0.5 0.5 
Ia 0.125 0.21 0.21 
Rv 0.1625 0.239 0.239 
R (in) 5.40 7.94 7.94 
Annual Loading 
(lbs) 440 88.2 7.76 
 
 From these calculations, the low density residential and medium density zones were 
identified as priority areas in which to take action to reduce phosphorus pollution in stormwater 
runoff. This is because these zones had the highest phosphorus loading in the town. However, it 
was also beneficial to examine the business one neighborhood zone. Many strategies for 
combatting phosphorus pollution are similar across residential areas. It was useful to examine a 
different type of zoning district, such as the business one neighborhood zone, that needed to 
incorporate different a different variety of BMPs. Strategies identified for reducing phosphorus 
pollution in this largely impervious zone could also be applied across industrial and commercial 
zones throughout Tyngsborough. 
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4.3 Strategies to Reduce Phosphorus Loading 
 This section discusses the various strategies suggested by the MS4 general permit, 
including non-structural BMPs, structural BMPs, and nonpoint source pollution reduction. The 
section evaluates each strategy based on cost and feasibility of implementation and maintenance, 
and discusses the overall viability of each strategy. 
4.3.1 Evaluating Non-Structural BMPs 
Using the equations seen in Section 3.3.1, the reduction credits for sweeping, catch basin 
cleaning, and organic waste collection for the low density residential and business one 
neighborhood were calculated, as presented in Table 4. Reduction credits are a representation of 
the amount of phosphorus removed resulting from the use of BMPs. They are based on the 
impervious area, the phosphorus load export rate of an area, and the phosphorus reduction factor 
per BMP (US EPA, 2016 b). 
  
Table 4: Phosphorus Reduction Credits from Non-Structural BMPs 
Reduction Credit (lb/yr) R-1 (low density residential) B-1 (business 1 
neighborhood) 
Enhanced Sweeping 
Program 
5.49 0.360 
Catch Basin Cleaning 6.56 0.157 
Organic Waste Collection 16.4 0.392 
 
 Example calculations of the reduction credits from street sweeping, catch basin cleaning, 
and organic waste collection, respectively, are seen on the following page (see Appendix B for 
an explanation of these calculations): 
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𝐶𝑟𝑒𝑑𝑖𝑡𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔,𝑅−1 = 48.2 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.10 ∗ 0.75 = 5.49 𝑙𝑏/𝑦𝑟 
Equation 7 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝐶𝐵,𝑅−1 = 215.7 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.02 = 6.56 𝑙𝑏/𝑦𝑟 
Equation 8 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑙𝑒𝑎𝑓 𝑙𝑖𝑡𝑡𝑒𝑟,𝑅−1 = 215.7 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.05 = 16.4 𝑙𝑏/𝑦𝑟 
Equation 9 
 
In order to achieve these reduction credits, the enhanced sweeping program should run 
weekly from March through December, and a high efficiency regenerative air-vacuum sweeper 
should be used. Using this type of sweeper weekly yields the highest phosphorus reduction 
efficiency factor, which maximizes phosphorus removal (US EPA, 2016 b). Additionally, high 
efficiency regenerative air-vacuum sweepers are able to clean places that other sweepers cannot- 
such as cracks or potholes in the road. Regenerative air sweepers also excel at picking up smaller 
particles, which ensures that nothing is left behind to be dissolved in runoff (TYMCO, 2020). 
Catch basin cleaning should be performed so that no catch basin is ever more than half full; 
typically, this means that catch basins should be cleaned semi-annually. For this calculation, it 
was estimated that catch basins would be placed about every 300 ft on major roads (see Figures 7 
and 8). Lastly, organic waste collection should occur weekly from September 1 through 
December 1 in order to maximize phosphorus removal in Tyngsborough (Town of 
Tyngsborough, 2019 b; US EPA, 2016 b). 
41 
 
 
Figure 7: Estimation of Catch Basin Locations in Zone B-1 (catch basins seen in blue) (Town of Tyngsborough, 
2019 b) 
 
 
Figure 83: Estimation of Catch Basin Locations in Zone R-1 (catch basins seen in blue) (Town of Tyngsborough, 
2019 b) 
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4.3.2 Evaluating Structural BMPs 
 All of the structural BMPs given in the Massachusetts MS4 General Permit were 
evaluated. Infiltration basins, biofilter swales, and dry water quality swales were found to be 
ideal BMPs due to their low cost for a large percentage of phosphorus removal. Infiltration 
basins remove 60-70% of phosphorus from stormwater, with a cost of about $15,000 per basin 
(MassDEP, 2008; US EPA, n.d.). Biofilter swales remove between 85-94% of phosphorus and 
cost $3500 to install (MassDEP, 2008; US EPA, n.d.). Dry water quality swales remove 65% of 
phosphorus and also cost $3500 to construct (US Department of Transportation, n.d.; US EPA, 
n.d.). These structural BMPs can also serve larger drainage areas, making them more suitable for 
an already developed town. Infiltration trenches, gravel wetland systems, porous pavement, and 
dry retention ponds were too expensive to construct given their lower percentage of phosphorus 
removal (MassDEP, 2008).  
 The available space for the construction of the structural BMPs within the low density 
residential and business one neighborhood zones was then evaluated. The space within the 
business one neighborhood zone was analyzed based on availability of lots. Two open lots were 
identified, seen in Figure 9. 
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Figure 9: Open Lots in Zone B-1 (Town of Tyngsborough, 2019 b) 
 
Lots within the low density residential zone were also evaluated. Since there is more 
space available for development in low density residential zones, these lots were evaluated based 
on their drainage area; specifically, lots with tributaries that feed into the Merrimack River were 
assessed. One lot that is a prime example of this can be seen in the following figure (Figure 10). 
Lawrence Brook runs through the lot and carries phosphorus pollution into the Merrimack River. 
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Figure 40: Open Lot in Zone R-1 (Town of Tyngsborough, 2019 b) 
 
While structural BMPs are a very useful and effective tool for reducing phosphorus 
loadings in stormwater runoff, it was difficult to develop a full plan for Tyngsborough because 
the locations of existing structural BMPs are unknown. It was more feasible to focus on a 
broader plan of low impact development, which can be more easily integrated with existing 
BMPs in Tyngsborough. 
 
4.3.3 Nonpoint Source Pollution Reduction 
  Downspout disconnection, rain barrels, rain gardens, planter boxes, native vegetation, 
permeable pavements, and vegetated filter strips were all evaluated for use within the focus areas 
in Tyngsborough (see Table 5). Through this analysis, it was concluded that the most suitable 
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LID strategies for an area depended on the zone in question. LID strategies that may work in the 
low density residential area may not work in the business one neighborhood zone. Therefore, 
each of these zones were analyzed separately in order to determine the best strategies for 
phosphorus reduction specific to that area.  
 
Table 5: Evaluation of LID Strategies (Center for Neighborhood Technology, 2009) 
BMP 
Volume 
Captured 
Life 
Cycle 
Costs 
Change 
in Life 
Cycle 
Costs 
Reduced 
Treatment 
Benefits 
Groundwater 
Replenishment 
Benefits 
Advantages | 
Disadvantages 
Rain Gardens 210 ft3 $1929 0% $0 $1 
Easy to implement 
in rural areas | Not 
as feasible for 
developed areas 
Rain Barrels 27 ft3 $797 0% $0 $0 Better for rural areas 
100 % Native 
Vegetation 
0 ft3 $81,620 0% $165 $297 
Cheaper to buy 
native vegetation | 
May not be as 
aesthetically 
pleasing 
Vegetative 
Filter Strips 
175 ft3 $1992 0% $11 $20 
Work well in both 
rural and developed 
areas 
Planter Boxes 15 ft3 $877 0% $0 $0 
Work well in 
developed areas 
Permeable 
Pavers on 
Parking (R-1) 
1250 ft3 $73,377 0% $135 $243 
Decreases overall 
impermeable area by 
42.9% | Hard to 
implement on 
private property 
Permeable 
Pavers on 
Parking (B-1) 
1800 ft3 $105,663 0% $204 $368 
Decreases overall 
impermeable area by 
78.3% 
 
 In the low density residential zone within the sub-basin there is much more open space, 
and the lots are larger and relatively distant from each other. Since the area is sparsely populated 
compared to the business one neighborhood zone, it would be more feasible to implement LID 
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strategies that are mainly used within single-family homes. These LID mechanisms include 
rainwater harvesting and rain gardens. In addition, native vegetation and vegetative filter strips 
would also work well in this area. 
 Using rain gardens, rain barrels, native vegetation, and vegetative filter strips would 
decrease runoff volume by nearly 20%. It would also decrease lifetime construction and 
maintenance costs by 19%. Additionally, there would be more groundwater replenishment and a 
decrease in water treatment costs because less phosphorus would be present in stormwater (see 
Table 6) (Center for Neighborhood Technology, 2009). By reducing the volume of stormwater 
runoff using these low impact development strategies, less phosphorus will reach water sources 
within Tyngsborough (see Appendix C). 
 
Table 6: Best LID Strategies for Zone R-1 (Center for Neighborhood Technology, 2009) 
BMP 
Combination 
Volume 
Captured 
Decrease in 
Impermeable 
Area 
Life 
Cycle 
Costs 
Decrease 
in Life 
Cycle 
Costs 
Reduced 
Treatment 
Benefits 
Groundwater 
Replenishment 
Benefits 
Rain Gardens, 
Rain Barrels, 
100% Native 
Vegetation, 
Vegetative 
Filter Strips 
412 ft3 0% $85,416 19% $175 $316 
 
 Unlike the low density residential zone, the business one neighborhood area is very 
developed and more densely populated. The lots are also smaller and closer together. This means 
that LID strategies used must be easy to implement in an already densely populated area and they 
must work with existing infrastructure. Examples of LID mechanisms that could be used in this 
area include planter boxes, vegetated filter strips, and downspout disconnection. 
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Using planter boxes, native vegetation, vegetative filter strips, and permeable pavers on 
parking in the business one neighborhood area would lead to a nearly 80% decrease in the 
impermeable area. In addition, the lifetime construction and maintenance costs would decrease 
by 23%. The use of these low impact development strategies would also lead to an increase in 
groundwater replenishment and a decrease in treatment costs (see Table 7) (Center for 
Neighborhood Technology, 2009). The reduced impermeable area and increased groundwater 
replenishment means that less phosphorus will enter the waterways due to stormwater runoff in 
this zone (see Appendix D). 
 
Table 75: Best LID Strategies for Zone B-1 (Center for Neighborhood Technology, 2009) 
BMP 
Combination 
Volume 
Captured 
Decrease in 
Impermeable 
Area 
Life 
Cycle 
Costs 
Decrease 
in Life 
Cycle 
Costs 
Reduced 
Treatment 
Benefits 
Groundwater 
Replenishment 
Benefits 
Planter Boxes, 
50% Native 
Vegetation, 
Vegetative 
Filter Strips, 
Permeable 
Pavers 
1990 ft3 78.3% $114,943 23% $238 $429 
 
  
In summary, the best LID strategies for the low density residential zone are a 
combination of rain gardens, rain barrels, all native vegetation, and vegetative filter strips. This 
combination will decrease runoff volume by nearly 20%, as well as decrease life cycle costs by 
19% and lead to an increase in treatment and groundwater replenishment benefits by $175 and 
$316, respectively. For the business one neighborhood zone, the best combination of LID 
strategies is planter boxes, 50% native vegetation, vegetative filter strips, and permeable pavers 
on parking. This will lead to a decrease in impermeable area of nearly 80%. Life cycle costs will 
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decrease by 23%, and treatment and groundwater replenishment benefits will increase by $238 
and $429, respectively. 
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Chapter 5: Recommendations and Conclusion  
 As stated in Section 4.4.3, the best LID strategies for the low density residential zone are 
rain gardens, rain barrels, entirely native vegetation, and vegetative filter strips. For the business 
one neighborhood area, the best LID strategies are planter boxes, 50% native vegetation, 
vegetative filter strips, and permeable pavers on parking. In this chapter, based on the 
aforementioned findings, recommendations on how the town of Tyngsborough should proceed 
are presented. 
5.1 Recommendations 
 Based upon the results for developing strategies in order to reduce the phosphorus 
pollution that is entering the Merrimack River due to stormwater runoff from Tyngsborough, the 
following recommendations are proposed: 
1. Implement low impact development strategies and non-structural BMPs throughout 
high priority areas. Areas with the most phosphorus runoff should utilize strategies such 
as street sweeping and vegetated filter strips in order to reduce the amount of phosphorus 
that enters stormwater. 
2. The theoretical phosphorus loadings should be confirmed with field testing. This will 
help determine the magnitude of phosphorus pollution entering the Merrimack, as well as 
aid in identifying other priority areas within the rest of Tyngsborough. 
3. Existing structural BMPs should be mapped throughout Tyngsborough. 
Determining the amount and placement of structural BMPs throughout the town would be 
ideal for integrating low impact development strategies and non-structural BMPs in the 
most efficient manner possible. Additionally, logging the already existing structural 
BMPs will help determine if there is a need for more throughout the town. 
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4. Structural BMPs should be installed on an as-needed basis. This should be done after 
the existing structural BMPs are mapped so that the need for more BMPs can be 
validated. Structural BMPs that have the most phosphorus removal for the lowest cost 
should be prioritized when evaluating need. 
 
5.2 Conclusion 
While phosphorus is naturally occurring soil and water, humans contribute to excess 
phosphorus in waterways via fertilizers, paving stones, roofing shingles, sidewalks, driveways, 
and more (Manuel, 2014; US EPA, 2019 a). Elevated phosphorus levels can severely harm 
aquatic ecosystems, leading to accelerated algae growth and eutrophication (Manuel, 2014; 
NOAA, 2019). Hypoxic areas can also result from excess algal growth, in which oxygen is so 
depleted that organisms cannot survive (US EPA, 2019 b). 
The negative impacts of phosphorus pollution can be diminished by reducing the amount 
of phosphorus entering waterways through stormwater runoff. Such a reduction can be achieved 
through the use of BMPs, whether structural, non-structural, or low impact in design. In 
Tyngsborough, a combination of low impact development and non-structural BMPs would be the 
most feasible strategies to implement within the sub-basin that was analyzed. Street sweeping, 
catch basin cleaning, organic waste collection, rain gardens, rain barrels, native vegetation, filter 
strips, and porous pavers serve to reduce the overall impervious area and volume of runoff. This 
means that less phosphorus will enter waterways as a result of stormwater runoff. Implementing 
these non-structural and low impact development strategies will help combat phosphorus 
pollution within the town of Tyngsborough.  
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Appendix A: Original Project Proposal 
 The original proposed project was received from Danielle Mucciarone, the Conservation 
Director for the town of Tyngsborough: 
 
“Phosphorus Source Identification Report: The town of Tyngsborough needs to determine 
where our Phosphorus is coming from in town. This project would involve analyzing existing 
water quality data, and taking new water quality samples. The project would also involve 
analyzing the water quality samples to understand where the phosphorus is coming from in the 
town of Tyngsborough. It should weigh in on if Tyngsborough is contributing to the Phosphorus 
impairment in the Merrimack River. The final project should be a phosphorus source 
identification report identifying the source of phosphorous and come up with proposed solutions 
for reducing phosphorus throughout town.”   
 
 The original proposal was modified in order to obtain a more appropriate project scope, 
while still helping to identify priority areas and strategies to combat phosphorus pollution. 
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Appendix B: Calculating Phosphorus Reduction Credits from 
Non-Structural BMPs 
 Phosphorus reduction credits from street sweeping were calculated according to the 
following equation, where IAswept is the impervious area swept, PLEIC-land use is the phosphorus 
loading rate, PRFsweeping  is how much phosphorus is removed when the area is swept, and AF is 
how often the area is swept (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔 = 𝐼𝐴𝑠𝑤𝑒𝑝𝑡 ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 𝑃𝑅𝐹𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔 ∗ 𝐴𝐹 
Equation 4 
 
In zone R-1, the area of the road is 48.2 ac, which was calculated using GIS. The 
phosphorus loading rate is 1.52 lb/ac/yr. If the roads are swept weekly with a high efficiency 
regenerative air-vacuum sweeper, the phosphorus reduction factor is 0.10. If this sweeping is 
performed the entire year with the exception of the winter months of December, January, and 
February, then the annual frequency is 0.75 (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑠𝑤𝑒𝑒𝑝𝑖𝑛𝑔,𝑅−1 = 48.2 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.10 ∗ 0.75 = 5.49 𝑙𝑏/𝑦𝑟 
Equation 7 
 
The reduction credit for catch basin cleaning was calculated based on the impervious 
drainage area (IACB), the phosphorus loading rate (PLEIC-land use), and the phosphorus reduction 
factor that results from catch basin cleaning (PRFCB) (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝐶𝐵 = 𝐼𝐴𝐶𝐵 ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 𝑃𝑅𝐹𝐶𝐵 
Equation 5 
 
 In zone R-1, the total impervious area was calculated using the area of the roads and the 
area of the lots in this zone. The impervious area is 215.7 ac (IACB). The phosphorus loading rate 
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is 1.52 lb/ac/yr. Cleaning catch basins twice a year results in a phosphorus reduction factor of 
0.02 (Town of Tyngsborough, 2019 b; US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝐶𝐵,𝑅−1 = 215.7 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.02 = 6.56 𝑙𝑏/𝑦𝑟 
Equation 8 
 
The reduction credit for organic waste collection was calculated according to the 
impervious area of the watershed, the phosphorus loading rate (PLEIC-land use), and a 5% 
phosphorus reduction factor that results from organic waste collection (US EPA, 2016 b). 
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑙𝑒𝑎𝑓 𝑙𝑖𝑡𝑡𝑒𝑟 = (𝑊𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑 𝑎𝑟𝑒𝑎) ∗ 𝑃𝐿𝐸𝐼𝐶−𝑙𝑎𝑛𝑑 𝑢𝑠𝑒 ∗ 0.05 
Equation 6 
 
 The watershed area in the zone R-1 was calculated to be 215.7 ac. The phosphorus 
loading rate for this zone is 1.52 lb/ac/yr, and the phosphorus load export rate is 0.05 (Town of 
Tyngsborough, 2019 b; US EPA, 2016 b).  
 
𝐶𝑟𝑒𝑑𝑖𝑡𝑙𝑒𝑎𝑓 𝑙𝑖𝑡𝑡𝑒𝑟,𝑅−1 = 215.7 𝑎𝑐 ∗ 1.52 𝑙𝑏/𝑎𝑐/𝑦𝑟 ∗ 0.05 = 16.4 𝑙𝑏/𝑦𝑟 
Equation 9 
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Appendix C: Green Values National Stormwater Management 
Calculator, Zone R-1 
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Appendix D: Green Values National Stormwater Management 
Calculator, Zone B-1 
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Appendix E: Original Project Proposal 
Phosphorus Source Identification Report: The town of Tyngsborough needs to determine where our Phosphorus is coming 
from in town. This project would involve analyzing existing water quality data, and taking new water quality samples. The 
project would also involve analyzing the water quality samples to understand where the phosphorus is coming from in the town 
of Tyngsborough. It should weigh in on if Tyngsborough is contributing to the Phosphorus impairment in the Merrimack River. 
The final project should be a phosphorus source identification report identifying the source of phosphorous and come up with 
proposed solutions for reducing phosphorus throughout town.   
 
The town of Tyngsborough is in the process of renewing their MS4 permit. This process 
includes various data collection over a five-year period and includes identifying impaired water 
bodies within the town. The Merrimack River, which travels through Tyngsborough and other 
towns, has elevated phosphorus levels. Our task is to analyze previously collected data samples, 
collect and analyze new samples, and determine whether Tyngsborough is contributing to the 
elevated phosphorus levels. If it is found that Tyngsborough is contributing, we will then be 
responsible for locating the source of the phosphorus and proposing solutions to reduce the levels.  
Chapter 1: Introduction and Background 
(Put a few sentences here) 
 
1.1 How Phosphorus Enters and Changes in the Environment 
 Phosphorus is a naturally occurring element that is found in soil and water. Humans 
typically utilize phosphorus to enhance the growth of crops via fertilizers. When it rains, excess 
fertilizer is carried into waterways (Manuel, 2014). Multiple forms of phosphorus occur in 
aquatic ecosystems, both dissolved and particulate. More specifically, some forms can include 
reactive phosphorus or insoluble phosphorus. Phosphorus is rarely present in its elemental form; 
rather, it usually occurs as organic or inorganic phosphate (US EPA, 2012). 
 The phosphorus cycle describes how phosphorus changes and moves through aquatic 
ecosystems. Plants absorb dissolved phosphorus and convert it from an inorganic compound to 
organic compound. When these plants are consumed, animals introduce organic phosphorus to 
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their systems. When these animals excrete waste, the organic phosphorus is transformed back 
into inorganic phosphorus through decomposition by bacteria. Plants then re-absorb the 
inorganic phosphorus, and the cycle continues. Movement of water transports the phosphorus, 
while consumption by plants or animals renders it stationary (US EPA, 2012). 
 Phosphorus enters water systems mainly due to human activities. Large amounts of 
phosphorus are found in fertilizers, as well as the waste of farm animals. When it rains, 
phosphorus is carried into waterways. In addition, wastewater plant systems can release excess 
amounts of phosphorus if wastewater is treated improperly. Phosphorus can also enter the 
ecosystem through home activities. Fertilizer from gardens contains phosphorus, as does pet 
waste, soaps, and detergents. Paving stones, roofing shingles, sidewalks, and driveways can also 
contribute to the amount of phosphorus that leaches into stormwater (US EPA, 2019 a). 
Phosphorus also enters water systems naturally through soil erosion. This erosion can occur 
during a typical rainfall event or during flooding, which is known as bank erosion (USGS, n.d.). 
Both organic and inorganic phosphorus can be dissolved in the water or attached to other 
particles, known as suspension (US EPA, 2012). 
 
1.2 Effects of Phosphorus Pollution 
The effects of phosphorus pollution are threefold: humans, the environment, and the 
economy are impacted (US EPA, 2019 b). Similar to its function on land, fertilizers also 
accelerate the growth of algae in water (Manuel, 2014). This elevated growth commonly leads to 
eutrophication, in which the algae grows to an unsustainable level and kills fish, lowers the pH of 
the water, depletes oxygen, and blocks sunlight (NOAA, 2019; Manuel, 2014). The algae itself 
can be toxic and kill any organisms it comes into contact with. In addition, eutrophication can 
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also lead to the creation of dead zones, which is commonly known as hypoxia. These are areas 
where the oxygen is so depleted that aquatic organisms cannot survive (US EPA, 2019 c). The 
area of these hypoxic zones has increased over 30% between 1995 and 2007. One such example 
is the dead zone that occurs in the Gulf of Mexico- it is nearly 5500 square miles in size 
(Manuel, 2014). Humans can also come into direct contact with toxic algae, leading to an array 
of health problems (US EPA, 2019 d). Such health problems include vomiting, diarrhea, fever, 
and liver damage (Manuel, 2014). Furthermore, when water containing toxic algae is treated, 
treatment chemicals react with the algae to form toxic dioxins- which are a major health concern 
(US EPA, 2019 d). Lastly, the presence of nutrients in water systems can raise water treatment 
costs and lead to losses in tourism, real estate, and commercial fishing (US EPA, 2019 e). 
 
1.3 Areas Affected by Phosphorus Pollution 
 Areas affected by phosphorus pollution include lakes, rivers, coasts, bays, ground water, 
and drinking water. According to the Environmental Protection Agency (EPA), almost 20% of 
50,000 lakes in the United States were contaminated with phosphorus or nitrogen (US EPA, 
2019 f). In addition, the EPA found that 40% of rivers and streams across the United States were 
also contaminated with phosphorus (Manuel, 2014). Pollution from these lakes and streams 
eventually makes its way to coasts, bays, and estuaries. Over 65% of coastal areas and over 30% 
of estuaries in the United States are affected by this pollution (US EPA, 2019 g). Lastly, 
phosphorus can end up in the water that humans drink through polluted waterways. Streams and 
rivers are easily identifiable as potentially polluted systems; however, phosphorus can also 
pollute groundwater systems. Water soaks through the ground and collects excess phosphorus, 
transporting it into the groundwater that many humans rely on to survive (US EPA, 2019 g). 
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Figure __: Phosphorus Pollution in U.S. Rivers and Streams (Manuel, 2014) 
 
1.4 Phosphorus Measurement and Management 
 The different forms of phosphorus found in aquatic ecosystems are measured in multiple 
ways. Total orthophosphate, which is the phosphorus molecule itself, is measured using the 
ascorbic acid method. A reagent with ascorbic acid is added to the sample, and the sample turns 
blue. The concentration of orthophosphate is proportional to the intensity of the color. This test 
measures both dissolved and suspended orthophosphate. Testing for total phosphorus measures 
orthophosphate, condensed phosphate, and organic phosphate that are both dissolved and 
suspended. The sample is heated and acidified in order to convert all forms of phosphate to 
orthophosphate. The concentration of phosphate in the sample is then determined using the 
previously mentioned ascorbic acid method. Dissolved phosphorus is measured by filtering the 
sample and then analyzing it using the ascorbic acid method, and insoluble phosphorus is 
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calculated by subtracting the dissolved phosphorus from the total phosphorus concentration (US 
EPA, 2012). 
 One way to limit the amount of pollutants entering aquatic systems is by establishing 
Total maximum daily loads (TMDLs). A TMDL is a regulation of the maximum amount of a 
pollutant that an aquatic ecosystem can sustain and still meet federal standards. Impaired water 
bodies are identified on a state by state basis, and individual TMDLs are established for each 
water body. TMDLs are also established for individual pollutants, and the Environmental 
Protection Agency (EPA) must approve the plan. Due to the thoroughness required to monitor 
water bodies and establish TMDLs, such plans can take years or even decades to implement 
(Manuel, 2014). 
 Best management practices (BMPs) are also used to help reduce the amount of pollutants 
entering aquatic ecosystems. These BMPs are physical or cultural controls implemented within a 
community, and they can be either structural or non-structural. Structural BMPs include 
stormwater controls such as detention basins, vegetative swales, and constructed wetlands. These 
constructs act as filtration mechanisms for stormwater. Non-structural BMPs include practices 
such as leaf litter collection, proper pet waste disposal, and the use of fertilizers that do not 
contain phosphorus. Such practices prevent pollutants from entering the water in the first place 
(Manuel, 2014; Marsh 2011). 
 
1.5 Tyngsborough’s Contribution to Phosphorus Pollution 
 The National Pollutant Discharge Elimination System (NPDES) was created by the Clean 
Water Act in 1972. This permit system was implemented in order to control the levels of 
pollutants entering the water. The Massachusetts MS4 General Permit is a subset of the NPDES 
program. This type of permit regulates pollutants within a similar region, such as Massachusetts 
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(US EPA, 2016 a). There are many contributors to phosphorus pollution along the Merrimack. 
The top contributors are municipal wastewater at 60% and runoff from developed areas at 21% 
(Northern Middlesex Stormwater Collaborative, n.d.). 
 
● Past data for impaired water bodies in Tyngsborough (updated June 30th, 2019)  
 
Phosphorous is not listed as a pollutant causing impairment in these areas; therefore, we 
will assume that these are not contributing. However, we should double check the 
Merrimack tributaries from Tyng and Kendall Roads.  
Source: http://www.tyngsboroughma.gov/departments/highway/stormwater/  
 
● http://tyngsboroughwater.org/images/CCR-2018.pdf Annual Water Quality Report from 
2018 which does not specify any phosphorus contamination 
 
 
Chapter 2: Methodology 
The goal of this project is to determine whether Tyngsborough is contributing to elevated 
phosphorus levels in the Merrimack River. In collaboration with the Tyngsborough Conservation 
Commission, we will propose a plan to manage and reduce the amount of phosphorus entering 
the Merrimack River. This project is to be done in compliance with requirements set forth by the 
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MS4 Permit (which allows Tyngsborough to discharge stormwater). To accomplish this, we have 
identified three main objectives: 
 
Objective 1: Determine the theoretical phosphorus loading from Tyngsborough 
using current zoning and phosphorus loadings provided in the Massachusetts 
General MS4 Permit. 
Objective 2: Analyze previously collected data samples from impaired water bodies 
in Tyngsborough (provided by Danielle Mucciarone, Tyngsborough Conservation 
Director). 
Objective 3: Using MapGEO and aerial maps, identify potential source(s) of 
phosphorus discharge into the Merrimack River. 
Objective 4: Identify and develop an appropriate plan to reduce phosphorus 
pollution throughout the town of Tyngsborough, specifically at the aforementioned 
sites.  
 
 In this chapter, we state our objectives and the methodology we used to achieve them. 
We describe how we determined the theoretical phosphorus loading in Tyngsborough, and we 
analyze the available data on current Tyngsborough phosphorus pollution. We identify other 
sources of phosphorus pollution based on MapGEO and aerial maps. Finally, we describe a set of 
control methods to reduce phosphorus pollution. 
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2.1 Objective 1: Determine the theoretical phosphorus loading from Tyngsborough using 
current zoning and phosphorus loadings provided in the Massachusetts General MS4 
Permit 
 For this objective, we used the information provided in the Massachusetts MS4 General 
Permit to determine the theoretical phosphorus loadings stemming from each zone in 
Tyngsborough. In order to do this, we first used MapGEO to measure the area of each zoning 
district in Tyngsborough. We then used Table 1-1 from Appendix F of the Massachusetts MS4 
General Permit to determine the annual composite phosphorus load export rates (PLER). We 
calculated the loading by multiplying the area of the zoning district by the PLER for each district 
(US EPA, 2016 b). An example of this calculation for the industrial zone is shown below: 
 
𝐿𝑜𝑎𝑑𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑖𝑎𝑙 = 2.179 𝑚𝑖
2 ∗ (
640 𝑎𝑐𝑟𝑒
1 𝑚𝑖2
) ∗ 1.29 𝑙𝑏/𝑎𝑐/𝑦𝑟 = 1798.98 𝑙𝑏/𝑦𝑟 
(Equation 1) 
  
From these calculations, we found the phosphorus loading for each zoning district, as 
seen in Table 1 below. 
 
Table 1: Phosphorus Loading Based on Zoning Districts in Tyngsborough 
Zone Phosphorus Load (lb/yr) 
Industrial 1798.98 
Commercial 817.38 
Low density residential 3236.35 
Medium density residential 172.83 
High density residential 16.67 
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 We can see that the greatest phosphorus loads come from the industrial and low density 
residential zones. It is therefore important to focus on these areas when developing a plan to 
reduce phosphorus pollution, explained further in Section 2.4. 
 
2.2 Objective 2: Analyze previously collected data samples from impaired water bodies in 
Tyngsborough 
The Massachusetts Water Resources Report from 2017 (Phase III) states that, while 
“there are no enforceable numeric water quality standards for total phosphorus in [...] 
Massachusetts [...] EPA suggests that total phosphorus concentrations in streams not exceed 100 
μg/L” (Nutrients ES-2). Additionally, the recommended threshold for rivers entering 
lake/reservoir is 50 μg/L and 25 ug/L for lakes. Typically, phosphorus levels increase going from 
upstream to downstream, with wet weather values higher than those of dry weather.    
 
2.3 Objective 3: Using MapGEO and aerial maps, identify potential source(s) of 
phosphorus discharge into the Merrimack River 
 For this objective, we used MapGEO to identify tributaries that lead into the Merrimack 
River. Since it would not be feasible to examine every tributary and potential source of 
phosphorus leading into the Merrimack, we decided to choose a subbasin to analyze that would 
contribute larger phosphorus loads to the river. The main criteria for this was that the subbasin 
should encompass  zoning districts attributed with the highest phosphorus loads- which were the 
industrial light and low density residential zones. We then had to identify a subbasin that was 
mostly within the town boundaries, so that we could be more certain of where the phosphorus 
originated. After applying these criteria, we decided to focus our studies on a subbasin located in 
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a residential zone in the northeast part of Tyngsborough (see Figure __). Phosphorus pollution 
can make its way to the Merrimack through this subbasin via Lawrence Brook. 
 
Figure __: Chosen Subbasin for Analysis in Tyngsborough (seen highlighted in blue) 
 
2.4 Objective 4: Identify and develop an appropriate plan to reduce phosphorus pollution 
throughout the town of Tyngsborough, specifically at the aforementioned sites 
2.4.1 Non-Structural BMPs 
Non-structural BMPs are practices that a government body can implement in order to 
prevent excess phosphorus from entering the stormwater systems. Under the Massachusetts MS4 
General Permit, these non-structural BMPs include an enhanced sweeping program, catch basin 
cleaning, and an organic waste and leaf litter collection program (US EPA 2014).  
 The enhanced sweeping program is performed by sweeping impervious surfaces, such as 
parking lots, throughout the year.  
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 Catch basin cleaning is the process of removing debris from BMPs. Catch basins should 
be cleaned frequently enough such that the storage capacity is no less than 50% of the total 
storage capacity. 
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 Organic waste collection is the process of removing waste from landscaping, organic 
debris, and leaf litter. These wastes are collected from impervious surfaces from which runoff 
proceeds to nearby water bodies. 
 
2.4.2 Structural BMPs 
 Structural BMPs are constructed in order to reduce the phosphorus load once it enters the 
stormwater system. Under the Massachusetts MS4 General Permit, these structural BMPs 
include infiltration trenches, infiltration basins, bio-filtration practice, gravel wetland system, 
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porous pavement, dry pond or detention basin, and dry water quality swale/grass swale (US 
EPA, 2016 b).  
 Infiltration trenches are shallow troughs with a top layer of stone. Stormwater runoff 
filters through the bottom of the trench into the water table. These trenches can remove between 
40-70% of total phosphorus from stormwater. The area that drains into these trenches should not 
be greater than five acres (MassDEP, 2008). 
 Infiltration basins are similar to infiltration trenches. They are built over permeable soils, 
and water infiltrates through through the basin into the water table. Infiltration basins remove 60-
70% of total phosphorus from the water. These basins can serve a larger area of up to 15 acres 
(MassDEP, 2008). 
 Biofilter swales are grassy troughs that rely on gravity to separate out sediment, rather 
than filtration. Total phosphorus removal is -121% (MassDEP, 2008) 85-94% 
(https://www.researchgate.net/publication/29470119_Removal_of_dissolved_nitrogen_phosphor
us_and_carbon_from_stormwater_by_biofiltration_mesocosms). 
 Gravel wetland systems are a type of constructed wetlands. They use gravel as a filter for 
sediment. The design of gravel wetland systems also allows vegetation to grow, which helps 
filter pollutants further. Constructed wetlands remove 40-50% phosphorus (MassDEP, 2008). 
 Porous pavement has more air voids, which allows water to pass through the pavement 
layer and filter to the soil. The percentage of nutrient removal is unknown (MassDEP, 2008). 
 Dry detention ponds or basins are used to hold stormwater in order to allow sediment to 
settle and prevent downstream flooding. These BMPs remove 10-30% total phosphorus 
(MassDEP, 2008). 
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 Dry water quality swales are open, grassy channels designed to hold large volumes of 
water during flood periods. Dry swales are underlaid by a drainage system. These BMPs can 
remove 20-90% of total phosphorus from stormwater (MassDEP, 2008). 
2.4.3 Semi-Structural BMPs 
Semi-structural BMPs can also be used to reduce phosphorus loads in stormwater. 
Examples of these semi-structural BMPs include impervious area disconnection through storage, 
impervious area disconnection, conversions of impervious area to permeable pervious area, and 
soil amendments to enhance permeability of pervious areas (US EPA, 2016 b). 
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